US009446671B2

a2 United States Patent

Izomi

US 9,446,671 B2
Sep. 20, 2016

(10) Patent No.:
45) Date of Patent:

(54) ELECTRICAL STORAGE SYSTEM
(71) Applicant: TOYOTA JIDOSHA KABUSHIKI

KAISHA, Toyota-shi, Aichi-ken (IP)
(72)

Inventor: Junta Izumi, Nagoya (JP)

TOYOTA JIDOSHA KABUSHIKI
KAISHA, Toyota (JP)

(73) Assignee:

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 57 days.

")

1) 14/531,235

(22)

Appl. No.:
Filed: Nov. 3, 2014

Prior Publication Data

US 2015/0130414 Al May 14, 2015

(65)

(30) Foreign Application Priority Data

Nov. 8, 2013 (JP) 2013-232567

(51) Int. CL
HO02J 7/00
B6OL 11/18
H02J 7/02
U.S. CL
CPC

(2006.01)
(2006.01)
(2016.01)
(52)
.......... B60L 11/1812 (2013.01); H02J 7/0029
(2013.01); HO2J 7/0055 (2013.01); H02J 7/02
(2013.01)
(58) Field of Classification Search
CPC B60L 11/1812; HO02I 7/007
USPC 320/109
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

2014/0009117 A1*  1/2014 Ishii ....ccoooevvvverenrnene. HO02J 7/34
320/126

2014/0021923 Al* 1/2014 Uchida ................. HO02J 7/0016
320/118

2014/0091764 Al 4/2014 Kinomura et al.

2014/0111122 Al* 4/2014 Kawashima .......... HO027J 7/0029
318/139

2014/0111160 Al* 4/2014 Nozawa ............... GOIR 31/362
320/118

FOREIGN PATENT DOCUMENTS

JP A-2011-120395 6/2011
JP 2011205755 A 10/2011
JP A-2012-228060 11/2012
JP A-2012-249384 12/2012
JP 2013188068 A 9/2013
WO WO 2012/164644 A1 12/2012

* cited by examiner

Primary Examiner — Sun Lin
(74) Attorney, Agent, or Firm — Oliff PLC

(57) ABSTRACT

An electrical storage system includes an electrical storage
device, a motor, a system main relay, a first charging line, a
charger, a first charging relay, a second charging line, an
inlet, a second charging relay and a controller. The controller
is configured to control a energizing state and a non-
energizing state of the system main relay, the first charging
relay and the second charging relay. The controller is con-
figured to cause the first charging relay to the non-energizing
state when the second charging relay in the energizing state
is subjected to adhesion.

5 Claims, 7 Drawing Sheets

POWER SPLIT|
MECHANISM

:

[~—NL 24

CHL1

S B |
5 ©

CHARGER
= acingy 3

5 o
CHR-G_—
CHRB
DOL2~]

ncm~|

DRIVING

SIGNALS FOR
SMR, CHR, DCR
CONTROLLER [~ 50

CHARGER

! |[PRECT-CURRENTIL_ 434
i | PowER SuPPLY

I o -DCR-B %

415

...........................

VEHICLE

CHLT CHL2
betd 32

33
@OUTSIDE
THE VEHICLE

ALTERNATING-
CURRENT
POWER SUPPLY|

M

7




U.S. Patent Sep. 20, 2016 Sheet 1 of 7 US 9,446,671 B2

FIG. 1

- 22
0 O
PL~ ( - pL
—t— ,, SWRS BRIVEWHEED) 3
iy I ‘
T T o @ |
! 1 YHE POWER SPLIT
i 10 Cl~— _§ : MECHANISM
' 1" =
14 |
- 21 ENGINE
- SMR-G
NL~ e ~NL 24
SMR-P \L
7 -~ CHR-P
CHL1| CHL2~ R Oo—
- _
O, O -
CHRG™__ —c7| HESER st
L ~ =
R DCL1CHL1 CHL2 {FVEHICLE
DRIVING pcla~ [P L '_'YE_E_T_________? _________
SIGNALS FOR S " TCONNECTOR
SMR, CHR, DCR DCR-G’\-I |’\-—DCR—B§ OUTSIDE
CONTROLLER I 50 | ALTERNATING. THE VEHICLE

i| CURRENT [~-34
el 41:{poweR suPPLY

CONNECTOR . 42

CHARGER 43

DIRECT-CURRENTJ}_ 434
POWER SUPPLY




U.S. Patent Sep. 20, 2016 Sheet 2 of 7 US 9,446,671 B2
5o . ?
PL~ { ~ PL
1+ g MR8 @ 23
1 ! :
=) =@
: mi= POWER SPLIT
P10 Ci~— -2 MECHANISM
—— |11 — C |
—I— 1 11 5
T ] 21 ENGINE
- SMR-G
NL~ A o NL 24
R2——  —=—CHR-P
CHL1| CHL2~ o—
h 5o
* o T CHARGER
CHR-G™ ____ ~C aciocy 31
5o T ( )
CHRE cwi ECHLZ VEHICLE
DRIVING DCL2~ DeLT L _NLET 32 ||
SIGNALS FOR o i [CONNECTOR|33
SMR, CHR, DCR DCR-G'\—l I'\«DCR-BE OUTSIDE
CONTROLLER [~ 50 ‘ : [ALTERNATING- " THE VEHICLE
{| CURRENT |~
L L_INLET I~ 41100 0ER SUPPLY
i CONNECTOR|_ 42
{ [ CHARGER |43
\ |IDIRECT-CURRENTH. _ 434
| POWER SUPPLY ||



U.S. Patent

S101

Sep. 20, 2016

FIG. 3

IS CONNECTOR (33)

CONNECTED TO INLET (32)?

Sheet 3 of 7

$102~ CHR-B, CHR-P: ON
Y
~ CHR-G: ON
5103 CHR-P: OFF
Y
CHARGING BEGINS
S104~ (POWER SUPPLY:
ALTERNATING-CURRENT
POWER SUPPLY)
\fi
S105_

CHARGING IS FINISHED?

NO

S106~

CHR-B, CHR-G: OFF

Y
END

US 9,446,671 B2



U.S. Patent

S201

Sep. 20, 2016

CONNECTED TO INLET (41)

Sheet 4 of 7

FIG. 4

START

IS CONNECTOR (42) ™

S202~

DCR-B, DCR-G: ON
CHR-B, CHR-G: ON

Y

S203~

CHARGING BEGINS
(POWER SUPPLY:
DIRECT-CURRENT

POWER SUPPLY)

S204—_

CHARGING IS FINISHED?

(

Y

5205~

DCR-B, DCR-G: OFF
CHR-B, CHR-G: OFF

(

Y

( END )

US 9,446,671 B2



U.S. Patent

Sep. 20, 2016 Sheet 5 of 7

FIG. 5

( START )

Y

US 9,446,671 B2

$301~ CHR-B, CHR-G: ON
Y
OUTPUT A DRIVING SIGNAL FOR
$302~4DCR-B (OFF) AND A DRIVING SIGNAL
FOR DCR-G (ON)
S303
NO
YES
~ SET AFLAG INDICATING
5304 ADHESION OF DCR-B
Y
OUTPUT A DRIVING SIGNAL FOR
S305~~ DCR-B (ON) AND A DRIVING SIGNAL
FOR DCR-G (OFF)
YES

SET AFLAG INDICATING ADHESION
S307~ OF DCR-G

.

[~

\
S308~ CHR-B, CHR-G: OFF

\
END




U.S. Patent Sep. 20, 2016 Sheet 6 of 7
FIG. 6
pcLt 61 DCF;'B

5o
W 62{\}}
SINe

S401

o

DCR-G

Y

>/ CONTROLLER |

50

FIG. 7

. START

ARE DCR-B,
DCR-G SUBJECTED
TO ADHESION?

5402~

WARNING

Y

S403~

CHR-B, CHR-G, CHR-P: OFF

US 9,446,671 B2

Y
END



U.S. Patent Sep. 20, 2016 Sheet 7 of 7 US 9,446,671 B2

—_ 22
PL (o L
+ SMR-B 23
L G 5
i =@
: 1 HE POWER SPLIT
P 10 C~=F _|& MECHANISM
1 Z %:
_:r_“:n g
- 21
- SMR-G
NL~- J_ ~— NL 24

| RS %)M&_Oj

CHEY RI_.  __CHRP
CHL2~ o0—

P | cHaRcER | .,
— - T~C2| ‘acimc) >3

O O
CHR-G —
A . CHLT ilNLETiCHLZ VEHICLE
DRIVING DCL2~ I

SIGNALS FOR o { [CONNECTOR] 33@
SMR, CHR,DCR ~ DOR-G~] _ |’\~DCR-BE F OUTSIDE

CONTROLLER |- 50 ALTERNATING-| THE VEHICLE
CURRE
e BT 1413 o0WER SUPPLY

CONNECTORh. 42

CHARGER |43

DIRECT-CURRENTHL_ 434
POWER SUPPLY




US 9,446,671 B2

1
ELECTRICAL STORAGE SYSTEM

INCORPORATION BY REFERENCE

The disclosure of Japanese Patent Application No. 2013-
232567 filed on Nov. 8, 2013 including the specification,
drawings and abstract is incorporated herein by reference in
its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an electrical storage system
capable of charging an electrical storage device using a
direct-current (DC) power supply and an alternating-current
(AC) power supply.

2. Description of Related Art

In Japanese Patent Application Publication No. 2012-
228060 (JP 2012-228060 A), a system for charging a battery
for traveling using a DC power supply is disclosed. In the
system, a main contactor (so-called relay) is provided on a
main power line connecting the battery for traveling with an
inverter. By allowing the main contactor to be turned on,
electric power can be supplied to the inverter from the
battery for traveling, to enable a vehicle to travel.

In the system disclosed in JP 2012-228060 A, a charging
line is connected to the main power line between the main
contactor and the inverter, and a charging contactor (so-
called relay) is provided on the charging line. A vehicle-side
connector connected to the charging line is connectable with
a charger-side connector which is connected to a charger
including a DC power supply. If the charger-side connector
is connected with the vehicle-side connector and the charg-
ing contactor is turned on, electric power from the DC power
supply can be supplied to the battery for travelling to charge
the battery for travelling.

In the system disclosed in JP 2012-228060 A, to supply
the electric power from the DC power supply to the battery
for travelling, the main contactor has to be turned on as well
as the charging contactor. Furthermore, the main contactor is
also in the on state during the travelling of the vehicle.

The charging contactor includes a movable contact and a
fixed contact. Therefore, the movable contact may adhere to
the fixed contact. If the charging contactor keeps being
turned on due to the adhesion of the charging contactor,
voltage of the battery for travelling will be applied to the
vehicle-side connector via the charging line, when the main
contactor is turned on for the travelling of the vehicle.

To avoid this situation, it suffices not to turn on the main
contactor when the charging contactor is subjected to adhe-
sion. However, if the main contactor cannot be turned on, the
battery for travelling cannot be connected to the inverter, and
thus the vehicle cannot travel.

SUMMARY OF THE INVENTION

An aspect of the invention provides an electrical storage
system. The electrical storage system includes an electrical
storage device, a motor, a system main relay, a first charging
line, a charger, a first charging relay, a second charging line,
an inlet, a second charging relay and a controller. The
electrical storage device is configured to charge and dis-
charge. The motor is connected to the electrical storage
device via an electrode line. The motor is configured to
receive electric power output from the electrical storage
device to generate power allowing a vehicle to travel. The
system main relay is provided on the electrode line. The first

10

15

20

25

30

35

40

45

50

55

60

65

2

charging line is connected to the electrode line. The first
charging line is configured to supply electric power from an
AC power supply provided outside the vehicle to the elec-
trical storage device. The charger is provided on the first
charging line. The charger is configured to convert AC
power from the AC power supply into DC power and output
the DC power to the electrical storage device. The first
charging relay is provided on the first charging line between
the electrical storage device and the charger. The second
charging line is connected to the first charging line between
the charger and the first charging relay. The second charging
line is configured to supply electric power from the DC
power supply provided outside the vehicle to the electrical
storage device. The inlet is provided at an end of the second
charging line and connectable with a connector connected to
the DC power supply. The second charging relay is provided
on the second charging line. The controller is configured to
control an energizing state and a non-energizing state of the
system main relay, the first charging relay and the second
charging relay. The controller is configured to cause the first
charging relay to become the non-energizing state when the
second charging relay in the energizing state is subjected to
adhesion.

In the aspect of the present invention, the inlet is con-
nected to the electrical storage device via the second charg-
ing line, the first charging line and the electrode line. That
is, the inlet is connected to the electrical storage device in the
order of the second charging line, the first charging line and
the electrode line. Herein, when the first charging relay
provided on the first charging line is in the non-energizing
state, a current path between the electrical storage device
and the inlet is cut off. Therefore, when the second charging
relay in the energizing state is subjected to adhesion, voltage
of the electrical storage device can be prevented from being
applied to the inlet if the first charging relay is brought into
the non-energizing state.

The first charging line is connected to the electrode line
connecting the electrical storage device and the motor.
Therefore, even if the first charging relay provided on the
first charging line goes into the non-energizing state, electric
power of the electrical storage device can be supplied to the
motor by causing the system main relay provided on the
electrode line to become the energizing state. Therefore, the
first charging relay is brought into the non-energizing state
to prevent the voltage of the electrical storage device from
being applied to the inlet, and meanwhile the electric power
of the electrical storage device can be supplied to the motor
to allow the vehicle to travel.

In the above aspect, the first charging line may be
connected to the electrode line between the electrical storage
device and the system main relay. Thus, electric power from
the AC power supply can be supplied to the electrical storage
device without going through the system main relay. The
system main relay includes a movable contact and a fixed
contact. Therefore, a contacting portion between the mov-
able contact and the fixed contact tends to cause a loss of
electric power. If the electric power of the AC power supply
is supplied to the electrical storage device without going
through the system main relay, more electric power can be
supplied to the electrical storage device.

In the above aspect, the controller may determine that the
second charging relay in the energizing state is subjected to
adhesion, when a driving signal causing the second charging
relay to the non-energizing state has been output and the
second charging line is in the energizing state. Whether the
second charging relay in the energizing state is subjected to
adhesion can be determined, by outputting to the second
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charging relay a driving signal causing it to become the
non-energizing state. When the second charging relay in the
energizing state is not subjected to adhesion, the second
charging relay receives the driving signal for the non-
energizing state and goes into the non-energizing state.
Meanwhile, no current flows on the second charging line. On
the other hand, when the second charging relay in the
energizing state is subjected to adhesion, the second charg-
ing relay still keeps the energizing state even if receiving the
driving signal for the non-energizing state. Meanwhile,
current flows on the second charging line. Therefore, by
determining whether the second charging line is in the
energizing state, whether the second charging relay in the
energizing state is subjected to adhesion can be determined.

In the above aspect, the vehicle may use power from at
least one of the motor or an engine to travel. When the first
charging relay is in the non-energizing state, electric power
cannot be supplied to the electrical storage device from the
AC power supply and the DC power supply. Thus, charging
amount of the electrical storage device-decreases continu-
ously, and sometimes electric power cannot be supplied to
the motor from the electrical storage device. Even in this
case, power of the engine can be used for the travelling of
the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance of exemplary embodiments of the invention will be
described below with reference to the accompanying draw-
ings, in which like numerals denote like elements, and
wherein:

FIG. 1 is a diagram showing a configuration of a battery
system as the first embodiment;

FIG. 2 is a diagram showing another configuration of the
battery system in the first embodiment;

FIG. 3 is a flowchart illustrating charging process of a
battery pack using an AC power supply;

FIG. 4 is a flowchart illustrating charging process of a
battery pack using a DC power supply;

FIG. 5 is a flowchart illustrating process of determining
adhesion of a charging relay;

FIG. 6 is a diagram showing a configuration for deter-
mining adhesion of a charging relay;

FIG. 7 is a flowchart illustrating process after adhesion of
a charging relay is determined;

FIG. 8 is a diagram showing a configuration of a battery
system as a variant of the first embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention is described below.

FIG. 1 is a diagram showing a configuration of a battery
system (corresponding to an electrical storage system of the
present invention) of the present embodiment. The battery
system shown in FIG. 1 is carried on a vehicle.

A battery pack (corresponding to an electrical storage
device of the present invention) 10 has a plurality of single
cells 11 connected in series. A secondary battery such as a
nickel-hydride battery and/or a lithium ion battery may be
used as the single cell 11. Additionally, an electric double
layer capacitor may also be used instead of the secondary
battery. In the battery pack 10 of the present embodiment, all
single cells 11 are connected in series, however, the battery
pack 10 may also include a plurality of single cells 11
connected in parallel.
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A positive electrode line (corresponding to an electrode
line of the present invention) PL is connected to a positive
electrode terminal of the battery pack 10, and a negative
electrode line (corresponding to the electrode line of the
present invention) NL is connected to a negative electrode
terminal of the battery pack 10. The battery pack 10 is
connected to an inverter 21 via the positive electrode line PL.
and the negative electrode line NL. A system main relay
SMR-B is provided on the positive electrode line PL, and a
system main relay SMR-G is provided on the negative
electrode line NL. The system main relays (corresponding to
a system main relay of the present invention) SMR-B,
SMR-G receive a driving signal from a controller 50 to
switch between ON (a energizing state) and OFF (a non-
energizing state).

The system main relay SMR-G is connected in parallel
with a resistor element R and a system main relay SMR-P.
The resistor element R is connected in series with the system
main relay SMR-P. Herein, a line connected with the resistor
element R and the system main relay SMR-P is a portion of
the negative electrode line NL. The system main relay
SMR-P receives a driving signal from the controller 50 to
switch between ON (an energizing state) and OFF (a non-
energizing state).

A smoothing capacitor C1 is connected with the positive
electrode line PL between the system main relay SMR-B and
the inverter 21 and the negative electrode line NL between
the system main relays SMR-G, SMR-P and the Inverter 21.

The controller 50 switches the system main relays SMR-
B, SMR-P from OFF to ON, when the battery pack 10 is
connected to the inverter 21. Thus, discharging current of the
battery pack 10 flows into the smoothing capacitor C1, and
the smoothing capacitor C1 is charged. Because charging
current of the smoothing capacitor C1 flows through the
resistor element R, surge current can be restrained from
flowing into the smoothing capacitor C1.

Then the controller 50 switches the system main relay
SMR-G from OFF to ON, and switches the system main
relay SMR-P from ON to OFF. Thus, the connection of the
battery pack 10 with the inverter 21 is completed, and the
battery system shown in FIG. 1 goes into a ready-on state.
When an ignition switch is switched from OFF to ON; the
battery system goes into the ready-on state, as described
above. When the battery system is in the ready-on state, the
vehicle is enabled to travel, as described below.

The inverter 21 converts DC power output from the
battery pack 10 into AC power, and outputs the AC power
to a motor generator (corresponding to a motor of the present
invention) MG2. The motor generator MG2 receives the AC
power output from the inverter 21 to generate kinetic energy.
The vehicle is enabled to travel by transferring the kinetic
energy (motive power) generated by the motor generator
MG?2 to a drive wheel 22.

Power of an engine 24 is transferred by a power split
mechanism 23 to the drive wheel 22 or to a motor generator
MG1. The motor generator MG1 receives the power of the
engine 24 to generate electric power. AC power generated by
the motor generator MG1 is supplied to the motor generator
MG?2 or the battery pack 10 via the inverter 21. If the electric
power generated by the motor generator MG1 is supplied to
the motor generator MG2, the drive wheel 22 can be driven
by the kinetic energy generated by the motor generator
MG?2. If the electric power generated by the motor generator
MG1 is supplied to the battery pack 10, the battery pack can
be charged.

A step-up circuit may be provided on a current path
between the battery pack 10 and the inverter 21. The step-up
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circuit can step up output voltage of the battery pack 10, and
outputs stopped-up electric power to the inverter 21. The
step-up circuit can step down output voltage of the inverter
21, and outputs the stepped-down electric power to the
battery pack 10.

A charging line (corresponding to a first charging line of
the present invention) CHL1 is connected to the positive
electrode line PL between the positive electrode terminal of
the battery pack 10 and the system main relay SMR-B. A
charging line (corresponding to the first charging line of the
present invention) CHIL.2 is connected to the negative elec-
trode line NL between the negative electrode terminal of the
battery pack 10 and the system main relay SMR-G. Fur-
thermore, the charging line CHL2 is connected to the
negative electrode line NL between the negative electrode
terminal of the battery pack 10 and the resistor element R.

The charging lines CHL1, CHL2 are connected to a
charger (corresponding to a charger of the present invention)
31. A charging relay CHR-B is provided on the charging line
CHL1, and a charging relay CHR-G is provided on the
charging line CHL2. Specifically, the charging relay CHR-B
is provided on the charging line CHL.1 between the positive
electrode terminal of the battery pack 10 and the charger 31.
Furthermore, the charging relay CHR-G is provided on the
charging line CHL2 between the negative electrode terminal
of the battery pack 10 and the charger 31.

The charging relays (corresponding to a first charging
relay of the present invention) CHR-B, CHR-G receive a
driving signal from the controller 50 to switch between ON
(an energizing state) and OFF (a non-energizing state). A
smoothing capacitor C2 is connected with the charging line
CHL1 between the charging relay CHR-B and the charger
31 and the charging line CHL2 between the charging relay
CHR-G and the charger 31.

One end of the charging relay CHR-P is connected to a
connecting point between the resistor element R and the
system main relay SMR-P. The other end of the charging
relay CHR-P is connected the charging line CHL2 between
the charging relay CHR-G and the charger 31. The charging
relay CHR-P receives a driving signal from the controller 50
to switch between ON (an energizing state) and OFF (a
non-energizing state).

An inlet 32 is connected to the charger 31 via the charging
lines CHL1, CHL2. The inlet 32 is connectable with a
connector 33. That is, the connector 33 can be connected to
the inlet 32, and the connector 33 can be removed from the
inlet 32. The connector 33 is connected to an AC power
supply 34 via a cable. The connector 33 and the AC power
supply 34 are provided outside the vehicle independently of
the vehicle. A commercial power supply, for example, is
used as the AC power supply 34.

Electric power from the AC power supply 34 can be
supplied to the battery pack 10 to charging the battery pack
10, by connecting the connector 33 with the inlet 32. Herein,
the charger 31 converts the AC power supplied from the AC
power supply 34 into DC power, and outputs the DC power
to the battery pack 10. Furthermore, the charger 31 can step
up output voltage of the AC power supply 34, and outputs
the stepped-up electric power to the battery pack 10. A
commonly known configuration may be appropriately
employed as the charger 31. The charger 31 has two trans-
formers which are insulated from each other.

One end of a charging line (corresponding to a second
charging line of the present invention) DCL1 is connected to
the charging line CHLL1 between the charging relay CHR-B
and the charger 31. The other end of the charging line DCL.1
is connected to an inlet 41. A charging relay DCR-B is
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6

provided on the charging line DCL1. One end of a charging
line (corresponding to the second charging line of the
present invention) DCL2 is connected to the charging line
CHL2 between the charging relay CHR-G and the charger
31. The other end of the charging line DCL2 is connected to
the inlet (corresponding to the INLET of the present inven-
tion) 41. A charging relay DCR-G is provided on the
charging line DCL2. The charging relays (corresponding to
a second charging relay of the present invention) DCR-B,
DCR-G receive a driving signal from the controller 50 to
switch between ON (an energizing state) and OFF (a non-
energizing state).

The inlet 41 is connectable with a connector (correspond-
ing to a connector of the present inventions) 42. That is, the
connector 42 can be connected to the inlet 41, and the
connector 42 can be removed from the inlet 41. The con-
nector 42 is connected to a charger 43 via a cable. The
connector 42 and the charger 43 are provided outside the
vehicle independently of the vehicle. The charger 43 has a
DC power supply 43a, and can communicate with the
controller 50. Electric power from the DC power supply 43a
can be supplied to the battery pack 10 to charge the battery
pack 10, by connecting the connector 42 with the inlet 41.

A current value when the battery pack 10 is charged by the
DC power supply 43a is larger than a current value when the
battery pack 10 is charged by the AC power supply 34. Thus,
when the battery pack 10 is charged with a predetermined
charging amount, charging time using the DC power supply
43a is shorter than charging time using the AC power supply
34.

In the present embodiment, the resistor element R is
connected with the system main relay SMR-P and the
charging relay CHR-P, which is not limited to this. Specifi-
cally, as shown in FIG. 2, a resistor element R1 may also be
connected with the system main relay SMR-P, and a resistor
element R2 may be connected with the charging relay
CHR-P.

The system main relay SMR-P and the resistor element
R1 are connected in parallel with the system main relay
SMR-G. The charging relay CHR-P and the resistor element
R2 are connected in parallel with the charging relay CHR-G.
In the configuration shown in FIG. 1, it suffices only to use
one resistor element R instead of the two resistor elements
R1, R2 shown in FIG. 2. Therefore, the number of the
resistor element R can be reduced.

In the configuration shown in FIG. 2, the system main
relay SMR-P and the resistor element R1 may be omitted. In
this case, it suffices to charge the smoothing capacitor C1
before the system main relays SMR-B, SMR-G are turned
on. Thus, surge current can be prevented from flowing into
the smoothing capacitor C1 when the system main relays
SMR-B, SMR-G are turned on. For example, the smoothing
capacitor C1 may be charged using discharging current of a
battery of an auxiliary machine carried on the vehicle.
Furthermore, the charging relay CHR-P and the resistor
element R2 may also be omitted similar to the case that the
system main relay SMR-P and the resistor element R1 are
omitted.

The vehicle of the present embodiment has the battery
pack 10 and the engine 24 as power sources for allowing the
vehicle to travel, which is not limited to this. Specifically,
the present invention can also be applied in a vehicle
(so-called electric vehicle) only having the battery pack 10
as a power source.

Then, process of charging the battery pack 10 using the
AC power supply 34 is illustrated using a flowchart shown
in FIG. 3. The process shown in FIG. 3 is performed by the
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controller 50. The charging relays CHR-B, CHR-G, CHR-P
are in the off state when the process shown in FIG. 3 is
started.

In step S101, the controller 50 determines whether the
connector 33 is connected to the inlet 32. A commonly
known method may be appropriately employed as the deter-
mining method. When the connector 33 is not connected to
the inlet 32, the process shown in FIG. 3 ends.

When the connector 33 is connected to the Inlet 32, in step
S102, the controller 50 switches the charging relays CHR-B,
CHR-P from OFF to ON. Thus, discharging current of the
battery pack 10 flows into the smoothing capacitor C2, and
the smoothing capacitor C2 can be charged. Because charg-
ing current of the smoothing capacitor C2 flows through the
resistor element R, surge current can be prevented from
flowing into the smoothing capacitor C2.

In step S103, the controller 50 switches the charging relay
CHR-G from OFF to ON, and switches the charging relay
CHR-P from ON to OFF. In step S104, the controller 50
begins charging of the battery pack 10. Herein, the controller
50 outputs electric power from the AC power supply 34 to
the battery pack 10 by controlling operations of the charger
31.

In step S105, the controller determines whether the charg-
ing of the battery pack 10 should be finished. For example,
it is determined that the charging of the battery pack 10
should be finished when an SOC (State of Charge) of the
battery pack 10 has reached a preset SOC (a target value).
The SOC refers to a proportion of a current charging
capacity with respect to full charging capacity. The SOC of
the battery pack 10 can be estimated according to a voltage
value and/or a current value of the battery pack 10 as
commonly known.

On the other hand, it is determined that the charging of the
battery pack 10 should be finished when charging amount of
the battery pack 10 has reached a preset charging amount (a
target value). The charging amount of the battery pack 10
refers to charging amount since the battery pack 10 begins
to be charged using the AC power supply 34. The charging
amount of the battery pack 10 can be calculated in case of
using a current sensor for detecting a current value when the
battery pack 10 is charged.

when it is determined that the charging of the battery pack
10 should be finished, in step S106, the controller 50
switches the charging relays CHR-B, CHR-G from ON to
OFF. Furthermore, the controller 50 makes the charger 31
stop operation. Thus, the charging of the battery pack 10
using the AC power supply 34 is finished.

As illustrated in FIG. 3, when the battery pack 10 is
charged using the AC power supply 34, it suffices only to
control ON/OFF of the charging relays CHR-B, CHR-G,
CHR-P. That is, charging current from the AC power supply
34 does not flow through the system main relays SMR-B,
SMR-G, SMR-P.

When the charging current from the AC power supply 34
flows through the system main relays SMR-B, SMR-G,
SMR-P, a loss of electric power on the system main relays
SMR-B, SMR-G, SMR-P may be caused. The system main
relays SMR-B, SMR-G, SMR-P include a movable contact
and a fixed contact, and at a contacting portion between the
movable contact and the fixed contact, the loss of electric
power tends to be larger. In the present embodiment, such
loss of electric power can be prevented. Therefore, more
charging current can flow into the battery pack 10 from the
AC power supply 34.

On the other hand, when the vehicle travels, ON/OFF of
the charging relays CHR-B, CHR-G, CHR-P need not to be
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8
controlled, as described above, it suffices only to control
ON/OFF of the system main relays SMR-B, SMR-G. SMR-
P.

In the configuration shown in FIG. 2, when the charging
relay CHR-P and the resistor element R2 are omitted, and
the electric power from the AC power supply 34 can be
supplied to the battery pack 10 by turning on the charging
relays CHR-B, CHR-G. Herein, it suffices to charge the
smoothing capacitor C2 before the charging relays CHR-B,
CHR-G are turned on. For example, when the charging
relays CHR-B, CHR-G are in the off state, the smoothing
capacitor C2 is charged by adjusting electric power from the
charger 31.

Subsequently, process of charging the battery pack 10
using the DC power supply 43a is illustrated using a
flowchart shown in FIG. 4. The process shown in FIG. 4 is
performed by the controller 50. When the process shown in
FIG. 4 is started, the charging relays CHR-B, CHR-G,
CHR-P and the charging relays DCR-B, DCR-G are in the
off state.

In step S201, the controller 50 determines whether the
connector 42 is connected to the inlet 41. A commonly
known method may be appropriately employed as the deter-
mining method. When the connector 42 is not connected to
the inlet 41, the process shown in FIG. 4 ends.

When the connector 42 is connected to the inlet 41, in step
S202, the controller 50 switches the charging relays DCR-B,
DCR-G from OFF to ON, and switches the charging relays
CHR-B, CHR-G from OFF to ON. In step S203, the
controller 50 begins to charge the battery pack 10 using the
DC power supply 43a. Specifically, the controller 50 may
supply electric power from the DC power supply 43a to the
battery pack 10 by sending a command of starting charging
to the charger 43.

In step S204, the controller 50 determines whether the
charging of the battery pack 10 should be finished. Due to
the similarity of the process in step S204 to the process in the
step S105 shown in FIG. 3, a detailed description is omitted.
When it is determined that the charging of the battery pack
10 should be finished, in step S205, the controller 50
switches the charging relays DCR-B, DCR-G from ON to
OFF, and switches the charging relays CHR-B, CHR-G from
ON to OFF. Herein, the controller 50 may stop electric
power supply from the DC power supply 43a to the battery
pack 10 by sending a command of finishing charging to the
charger 43. Thus, the charging of the battery pack 10 using
the DC power supply 43a is finished.

When the battery pack 10 is charged using the DC power
supply 43a, it suffices only to control ON/OFF of the
charging relays DCR-B, DCR-G and the charging relays
CHR-B, CHR-G. That is, charging current from the DC
power supply 43a does not flow through the system main
relays SMR-B, SMR-G, SMR-P. Thus, similar to the charg-
ing of the battery pack 10 using the AC power supply 34, a
loss of electric power on the system main relays SMR-B,
SMR-G, SMR-P can be prevented.

On the other hand, when the vehicle travels, it is no need
to control the ON/OFF of the charging relays DCR-B,
DCR-G as described above, it suffices only to control
ON/OFF of the system main relays SMR-B, SMR-G, SMR-
P.

Subsequently, process of determining adhesion of the
charging relays DCR-B, DCR-G is illustrated using a flow-
chart shown in FIG. 5. For example, the process shown in
FIG. 5 may be performed before or after the process shown
in FIG. 4 is started. The process shown in FIG. 5 is
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performed by the controller 50. When the process shown in
FIG. 5 begins, the connector 42 is connected to the inlet 41.

In step S301, the controller 50 switches the charging
relays CHR-B, CHR-G from OFF to ON. In step S302, the
controller 50 outputs a driving signal for turning off the
charging relay DCR-B, and a driving signal for turning on
the charging relay DCR-G.

In step S303, the controller 50 determines whether charg-
ing current flows from the DC power supply 43a to the
battery pack 10. When the charging relay DCR-B is normal
without adhesion, the charging relay DCR-B receives a
driving signal from the controller 50 and is turned off. Thus,
no charging current flows from the DC power supply 43a to
the battery pack 10. That is, no current flows on the charging
lines DCL1, DCL2.

On the other hand, when the charging relay DCR-B is
subjected to adhesion, the charging relay DCR-B is in the on
state irrespective of the driving signal from the controller 50.
Herein, through the process of the steps S301, S302, the
charging relays CHR-B, CHR-G and the charging relay
DCR-G are in the on state. Therefore, charging current flows
from the DC power supply 43« to the battery pack 10. That
is, current flows on the charging lines DCL1, DCL2. Thus,
whether the charging relay DCR-B is subjected to adhesion
can be determined by determining whether current flows on
the charging lines DCL1, DCL2.

The specific method of determining whether current flows
on the charging lines DCL1, DCL2 will be described later.
When current flows on the charging lines DCL1, DCL2, the
controller 50 determines that the charging relay DCR-B is
subjected to adhesion, and performs process of step S304.
On the other hand, when no current flows on the charging
lines DCL1, DCL2, the controller 50 determines that the
charging relay DCR-B is not subjected to adhesion, and
performs process of step S305.

In the step S304, the controller 50 sets a flag indicating
that the charging relay DCR-B is subjected to adhesion. The
set information of the flag may be stored in a memory. After
the process of the step S304 is performed, the controller 50
performs the process of the step S305.

In the step S305, the controller 50 outputs a driving signal
for turning on the charging relay DCR-B, and outputs a
driving signal for turning off the charging relay DCR-G. In
step S306, the controller 50 determines whether charging
current flows from the DC power supply 43a to the battery
pack 10.

When the charging relay DCR-G is normal without adhe-
sion, the charging relay DCR-G receives a driving signal
from the controller 50 and is turned off. Thus, no charging
current flows from the DC power supply 43a to the battery
pack 10. That is, no current flows on the charging lines
DCL1, DCL2.

On the other hand, if the charging relay DCR-G is
subjected to adhesion, the charging relay DCR-G is in the on
state irrespective of the driving signal from the controller 50.
Herein, the charging relays CHR-B, CHR-G and the charg-
ing relay DCR-B are in the on state through the process of
the steps S301, S305. Therefore, charging current flows
from the DC power supply 43« to the battery pack 10. That
is, current flows on the charging lines DCL1, DCL2. Thus,
whether the charging relay DCR-G is subjected to adhesion
can be determined by determining whether current flows on
the charging lines DCL1, DCL2.

When current flows on the charging lines DCL1, DCL2,
the controller 50 determines that the charging relay DCR-G
is subjected to adhesion, and performs process of step S307.
On the other hand, when no current flows on the charging
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lines DCL1, DCL2, the controller 50 determines that the
charging relay DCR-G is not subjected to adhesion, and
performs process of step S308.

In the step S307, the controller 50 sets a flag indicating
that the charging relay DCR-G is subjected to adhesion. The
set information of the flag may be stored in a memory. After
the process of the step S307 is performed, the controller 50
performs the process of the step S308. In the step S308, the
controller 50 switches the charging relays CHR-B, CHR-G
from ON to OFF. In the embodiment, the adhesion of the
charging relay DCR-G is determined after the adhesion of
the charging relay DCR-B is determined, but the determi-
nation of the adhesion may also be performed in reverse
order.

Subsequently, a configuration for determining whether
current flows on the charging lines DCL1, DCL2 is illus-
trated using FIG. 6.

In FIG. 6, a current sensor 61 is provided on the charging
line DCL1. The current sensor 61 detects a current value
flowing on the charging line DCL1, and outputs a detection
result to the controller 50. When a current value detected by
the current sensor 61 is larger than a current threshold, the
controller 50 can determine that current flows on the charg-
ing lines DCL1, DCL2. Herein, the current threshold refers
to a current value (substantially is 0 [A]) when no current
flows on the charging lines DCL1, DCL2, which is set by
considering a detection error of the current sensor 61 and the
like.

When a current value detected by the current sensor 61 is
equal to or less than the current threshold, the controller 50
can determine that no current flows on the charging lines
DCL1, DCL2. In the example shown in FIG. 6, the current
sensor 61 is provided on the charging line DCL1, but the
current sensor 61 may be provided on at least one of the
charging DCL1, DCL2. Even in this case, based on a
detection result of the current sensor 61, it can also be
determined whether current flows on the charging lines
DCL1, DCL2.

On the other hand, as shown in FIG. 6, a voltage sensor
62 may be connected with the charging lines DCL1, DCL2.
The voltage sensor 62 detects a voltage value between the
charging lines DCL1, DCL2, and outputs the detection result
to the controller 50.

When a voltage value detected by the voltage sensor 62 is
larger than a voltage threshold, the controller 50 can deter-
mine that current flows on the charging lines DCL1, DCL2.
Herein, the voltage threshold refers to a voltage value
(substantially is O [V]) when no current flows on the
charging lines DCL1, DCL2, which is set by considering a
detection error of the voltage sensor 62 and the like. When
a voltage value detected by the voltage sensor 62 is equal to
or less than the voltage threshold, the controller 50 can
determine that no current flows on the charging lines DCL1,
DCL2.

At least one of the current sensor 61 or the voltage sensor
62 shown in FIG. 6 may be used when determining whether
current flows on the charging lines DCL1, DCL2. Further-
more, in the configuration shown in FIG. 6, the current
sensor 61 and/or the voltage sensor 62 is connected to the
charging lines DCL1, DCL2, but it is not limited to this. That
is, the current sensor 61 and/or the voltage sensor 62 may be
provided as long as a current path is between the DC power
supply 43a and the battery pack 10.

Process after the process shown in FIG. 5 is performed is
illustrated using a flowchart shown in FIG. 7. The processing
shown in FIG. 7 is performed by the controller 50.
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In step S401, the controller 50 determines whether at least
one of the charging relays DCR-B, DCR-G is subjected to
adhesion. The determination is performed based on the set
information of the flag described in the process shown in
FIG. 5. That is, when the flag indicating adhesion of the
charging relays DCR-B, DCR-G is set, the controller 50
determines that the charging relays DCR-B, DCR-G are
subjected to adhesion.

When both of the charging relays DCR-B, DCR-G are not
subjected to adhesion, the controller 50 finishes the process
shown in FIG. 7. When at least one of the charging relays
DCR-B, DCR-G is subjected to adhesion, the controller 50
gives a warning to a user or the like in step S402. A
commonly known method may be appropriately employed
as the method of giving a warning. For example, a warning
may be given to a user or the like by outputting a sound or
displaying on a display device. The warning may be specific
to the adhesion of the charging relays DCR-B, DCR-Q or
may be not specific.

In step S403, the controller 50 turns off the charging
relays CHR-B, CHR-G, CHR-P. That is, during a period in
which a flag indicating the adhesion of the charging relays
DCR-B, DCR-G is set, the controller 50 keeps the charging
relays CHR-B, CHR-G, CHR-P in the off state continuously.

If the charging relays DCR-B, DCR-G are subjected to
adhesion and the charging relays CHR-B, CHR-G are in the
on state, voltage of the battery pack 10 will be applied to the
inlet 41 after the connector 42 is removed from the inlet 41.
In order to prevent this case, in the present embodiment,
when at least one of the charging relays DCR-B, DCR-G is
subjected to adhesion, the charging relays CHR-B, CHR-G,
CHR-P are turned off.

By turning off the charging relays CHR-B, CHR-G,
CHR-P, the voltage of the battery pack 10 can be prevented
from being applied to the inlet 41 even if the charging relays
DCR-B, DCR-G are subjected to adhesion. Furthermore,
even if the charging relays CHR-B, CHR-G, CHR-P are in
the off state, the system main relays SMR-B, SMR-G are
turned on to allow the vehicle to travel, through those as
described above.

When the charging relays CHR-B, CHR-G, CHR-P are
turned off, electric power from the AC power supply 34 and
the DC power supply 43a cannot be supplied to the battery
pack 10. That is, the battery pack 10 cannot be charged.
Thus, the SOC of the battery pack 10 will decrease con-
tinuously. Herein, as for the configuration shown in FIG. 1,
power of the engine 24 can be used to make the vehicle
continue to travel, even if the SOC of the battery pack 10
decreases so excessively that the battery pack 10 cannot be
discharged.

Furthermore, the voltage of the battery pack 10 is not
applied to the inlet 32. As described above, the charger 31
is provided between the battery pack 10 and the inlet 32, and
an interior (between two transformers) of the charger 31 is
in an insulation state. Therefore, the case that the voltage of
the battery pack 10 is applied to the inlet 32 may be not
considered.

A variant of the present embodiment is illustrated using
FIG. 8. FIG. 8 is a view corresponding to FIG. 2. In the
variant, aspects different from the present embodiment are
mainly described.

In a battery system shown in FIG. 8, the charging line
CHL1 is connected to the positive electrode line PL. between
the system main relay SMR-B and the inverter 21. The
charging line CHL2 is connected to the negative electrode
line NL between the system main relays SMR-G, SMR-P
and the inverter 21.

30

40

45

50

12

In the variant, when the battery pack 10 is charged using
the AC power supply 34 or the DC power supply 43a, the
system main relays SMR-B, SMR-G need to be turned on.
That is, in the process shown in FIG. 3 and/or FIG. 4, it
suffices to turn on the system main relays SMR-B, SMR-G
before starting charging.

In the process shown in FIG. 3, for example, the system
main relays SMR-B, SMR-G are turned on between the
process of the step S101 and the process of the step S102.
Furthermore, in the processing shown in FIG. 4, for
example, the system main relays SMR-B, SMR-G are turned
on between the process of the step S201 and the process of
the step S202.

On the other hand, when the adhesion of the charging
relays DCR-B, DCR-G is determined, the system main
relays SMR-B, SMR-G also need to be turned on. Specifi-
cally, when the process shown in FIG. 5 is performed, it
suffices to turn on the system main relays SMR-B, SMR-G
before the process of the step S302 is performed. Herein, the
system main relays SMR-B, SMR-G may be turned on by
performing the same process as the process illustrated in the
present embodiment.

In the variant, when at least one of the charging relays
DCR-B, DCR-G is subjected to adhesion, it suffices to turn
off the charging relays CHR-B, CHR-G, CHR-P, similar to
the present embodiment. Thus, even if the system main
relays SMR-B, SMR-G are in the on state, the voltage of the
battery pack 10 can be prevented from being applied to the
inlet 41. Furthermore, it is possible that the system main
relays SMR-B, SMR-G are in the on state while the vehicle
is allowed to travel.

What is claimed is:

1. An electrical storage system, comprising:

an electrical storage device configured to charge and
discharge;

a motor connected to the electrical storage device via an
electrode line, the motor being configured to receive
electric power output from the electrical storage device
to generate power allowing a vehicle to travel;

a system main relay provided on the electrode line;

a first charging line connected to the electrode line, the
first charging line being configured to supply electric
power from an alternative current (AC) power supply
provided outside the vehicle to the electrical storage
device;

a charger provided on the first charging line, the charger
being configured to convert AC power from the AC
power supply into direct current (DC) power and output
the DC power to the electrical storage device;

a first charging relay provided on the first charging line
between the electrical storage device and the charger;

a second charging line connected to the first charging line
between the charger and the first charging relay, the
second charging line being configured to supply elec-
tric power from a DC power supply provided outside
the vehicle to the electrical storage device;

an inlet provided at an end of the second charging line and
connectable with a connector connected to the DC
power supply;

a second charging relay provided on the second charging
line; and

a controller configured to

(a) control an energizing state and an non-energizing state
of the system main relay, the first charging relay and the
second charging relay, and
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(b) cause the first charging relay to become the non-
energizing state when the second charging relay in the
energizing state is subjected to adhesion.

2. The electrical storage system according to claim 1,
wherein the first charging line is connected to the electrode
line between the electrical storage device and the system
main relay.

3. The electrical storage system according to claim 2,
wherein

the controller determines that the second charging relay in
the energizing state is subjected to adhesion, when a
driving signal causing the second charging relay to
become the non-energizing state has been output and
the second charging line is in the energizing state.

4. The electrical storage system according to claim 1,

wherein

the controller determines that the second charging relay in
the energizing state is subjected to adhesion, when a
driving signal causing the second charging relay to
become the non-energizing state has been output and
the second charging line is in the energizing state.

5. The electrical storage system according to claim 1,

wherein

the vehicle uses power from at least one of the motor or
an engine to travel.
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